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Abstract. Monilinia spp. is one of the most important pathogens that cause preharvest and postharvest 
rots of apricot and peach fruit. To manage the fungicide resistance, a reduced-risk biofungicide based on 
antagonistic yeasts were tested against Monilinia spp.  mold on Dacia apricot and peach cultivars.  
The yeasts Metschnikowia pulcherrima were tested as a postharvest treatment to control rots of apricot and 
peach fruit. The yeasts were sprayed at concentration of 2 x 106 CFU/ml and 6 x 106 CFU/ml onto apricot and 
peach fruit. Biological treatment with M. pulcherrima reduced the incidence of fruit rot during postharvest 
storage at 4°C by 100%.  
 
INTRODUCTION 
 
In the past year, a variety of microbial antagonists were reported to control several 
different pathogens on various fruits. Among these antagonists were many yeasts and yeast-
like organisms – Debaryomyces hansenii, Pichia guilliermondii for control of postharvest 
citrus rot and several Cryptococcus for control of postharvest rot of apples and pears. Both 
naturally occurring and artificially introduced antagonists were proposed as promising 
alternative to fungicide control of postharvest diseases.   
           Significant progress has been made in developing potential biological alternatives to 
synthetic fungicides for the control of postharvest decay and toxin producing fungi of fruits 
and vegetables. Biological control of postharvest diseases (BCPD) of fruits with antagonistic 
bacteria and yeasts has emerged as the most effective alternative to fungicides during the past 
few years. The initial products have been registered by the United States Environmental 
Protection Agency (EPA): BioSave and Aspire. BioSave 110 (EcoScience Corp. Orlando, 
FL), containing a saprophytic strain of Pseudomonas syringae van Hall, has been used 
commercially on pome fruit in the United States since 1996. Aspire containing the yeast 
Candida oleophila Montrocher has been used for diseases of apple, pear and citrus fruit. 
Although these pioneering products are effective, they have limitations with regard to 
spectrum of activity and efficacy under various environmental conditions and various fruit.  
          Metschnikowia pulcherrima was reported to control Botrytis cinerea on aplle, and 
decays of peach and table grapes after harvest. M. pulcherrima Pitt & Miller has been 
recognized as one of the resident species on cider apple tree. It has been frequently isolated 
from all floral parts and from buds of apple. It also has been one of the most frequently 
isolated microorganisms from wounded apple tissue in an orchard. It is also a dominant 
species on mature grapes and on bloom of icewine grape.  
           Several important properties of yeasts make them useful for biocontrol purposes: 
yeasts do not produce allergenic spores or mycotoxins as many mycelial fungi do or antibiotic 
metabolites as possibly produced by bacterial antagonists. Yeasts generally have simple 
nutritional requirements and are able to colonize dry surfaces for long periods of time. They 
rapidly utilize available nutrients and can sustain many of the pesticides used in the post-
harvest environment. Yeasts can grow rapidly on cheap substrates in fermentors and are 
therefore easy to produce in large quantities. The suggested modes of action of biocontrol 
yeasts are not likely to constitute any hazard for the consumer. Furthermore, yeast cells 
contain high amounts of vitamins, minerals and essential amino acids and several reports on 
the beneficial effect of yeast addition in both food and feed.  
          Our objective was to evaluate postharvest applications of biocontrol agent 
Metschnikowia pulcherrima, strains L28 and L29, to control rot produced by Monilinia spp. of 
apricot and peach fruits. This approach could accomplish control of apricot and peach 
postharvest diseases without the need of additional harvest and postharvest handling 
procedures and it could eliminate the need for chemical treatment.  
 
MATERIAL AND METHODS 
 
Yeast strains characterization. As principal criteria and tests for identifying yeasts 
were used the following: Auxacolor kit test and electrophoretic karyotyping. Both tests were 
repeated at least twice for each test strain.  
Culture media and reagents. The yeasts were cultured in 250 ml Erlenmeyer flasks 
containing 50 ml of 30 g glycerin, 2 g yeast extract, 10 g (NH4)2SO4, 6 g K2HPO4, 4 g 
KH2PO4, 0,5 g CaCl2, 3 g MgSO4 x 7H2O, 0,5 g NaCl, 1 ml NH4OH 20%, 2 ml NaOH 0,1N, 
in 1000 ml water on a rotary shaker at 120 rpm for 48 h at 28 °C. Yeast cells were pelleted by 
centrifugation at 6.000 rpm for 10 min, resuspended in sterile distilled water, and adjusted to a 
concentration 2 × 106 CFU/ml and 6 × 106 CFU/ml with a haemocytometer. EDTA 50 mM, 
pH=7.5, enzymatic extract of Helix pomatia 10 mg/ml, TE (Tris HCl 50 mM, pH=7.5; EDTA 
0.5 M), EDTA 0.5 M, pH=8; sarcosyl 1.5%; proteinase K 2 mg/ml, EDTA 0.5 M, pH=8.   
The Auxacolor2 kit is an identification system based on the principle of sugar 
assimilation. The growth of yeast is visualised by colour change of bromcresol purple pH 
indicator. Thirteen biochemical characteristics (glucose-positive control, maltose, sucrose, 
galactose, lactose, raffinose, inositol, cellobiose, trehalose, adonitol, melezitose, xylose and 
arabinose) are using for identification. The kit also includes three enzymes tests to detect N-
acetyl-galactosaminidase (hexosaminidase) activity, phenoloxidase activity and proline-
arylamidase activity. A positive reaction corresponds to a yellow colour of the well, while a 
negative test remains colourless. Phenoloxidase and proline-arylamidase activities were 
scored as positive or negative according to the colour observed: brown colour for positive 
phenoloxidase activity, yellow to green-yellow positive proline-arylamidase activity and a 
colourless or grey colour indicates negative reaction for both tests.  
Intact chromosomal DNA preparation: samples of intact chromosomal DNA 
prepared in agarose blocks were obtained as described in literature (Csutak et al, 2002; 
Ghindea et al, 2004). 10 ml yeasts cultures incubated for 18 h at 28oC, in YPG medium. Cells 
were centrifuged for 5 minutes at 6000 rpm and the pellet washed twice with 1.5 ml solution 
EDTA 50 mM, pH=7.5. Then pellet was resuspended in 900 µl with 5 mg/ml enzymatic 
extract of Helix pomatia for cell wall lysis and was mixed with 900µl agarose low melting 
point 1% prepared in solution EDTA 50 mM, pH=7.5 at 45oC. The mixture was putted into 
special plugs, incubated at 4oC for 20 minutes and then cutting 1-1.5 mm thin. The agarose 
blocks were incubated in 10 ml solution TE with β-mercaptoethanol 750 µl for 48 hours at 
37oC and then were incubated in 5 ml solution EDTA 0.5 M, pH=8, sarcosyl 1.5%, proteinase 
K 2 mg/ml for 48 hours at 50oC. After washing twice with solution EDTA 0.5 M, pH=8 for 
15 minutes at 37oC the agarose blocks were incubated in the same solution at 4oC.       
Electrophoretic karyotyping analysis: electrophoresis was carried out for 48 h in 
0.9% agarose gel (SIGMA - Agarose for Pulsed Field Electrophoresis Running Gel) in 0.5x 
TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA, pH=8) at 3 V/cm. The pulse 
marker 225-2200 kb consist of chromosomes isolated from Saccharomyces cerevisiae strain 
YPH80 embedded in 1% low melting point agarose was used. The electrophoresis was 
computer controlled and the parameter was setup as follows: initial forward running time 
(Fwi= 10 sec), final forward time (Fwf=120 sec), pause of forward (Pfw=1/10 Fwi), reverse 
time (Rv=1/3 Fwi), pause of reverse (Prv=1/10 Rv), running time 24 hours.  
Preharvest treatments. Dacia apricot cultivar and peach fruits were used in the 
experiments conducted in our laboratory. They were grown under standard cultural practices. 
The yeast suspensions of M. pulcherrima at 2 × 106 CFU/ml and 6 × 106 CFU/ml were 
sprayed uniformly onto fruit using a hand-held sprayer. Fruits sprayed with distilled water and 
fungicide tiofanat metil (0,07% Topsin M-70) were used as the negative and positive control. 
There were three replicates per treatment. Fruits harvested were immediately precooled after 
harvest and refrigerated at 4oC.  
RESULTS AND DISCUSSION 
 
 Auxacolor2 kit. Assessing the ability to use organic compound as sole source of 
carbon for aerobic growth was done by Auxacolor2 test (figure 1).  
a) b)  
Fig.1. Results of Auxacolor2 test: a) strain L28; b) strain L29 
Strains L28 and L29 can growth on glucose, galactose, sucrose, maltose, trehalose, 
cellobiose, adonitol, melesitose and doesn’t growth on lactose, raffinose, inositol, xilose and 
arabinose (table 1). 
Table 1 Interpretation of Auxacolor2 test results  
Strain Control GLU MAL SAC GAL LAC RAF INO 
L28 - + + + + - - - 
L29 - + + + + - - - 
Strain CEL TRE ADO MEL XYL ARA HEX POX/PRO 
L28 + + + + - - + + 
L29 + + + + - - + + 
Glu= glucose, Mal= maltose, Sac= sacarose, Gal= galactose, Lac= lactose, Raf= 
rafinose, Ino= inositol, Cel= celobiose, Tre= trehalose, Ado= adonitol, Mel= melesitose, Xyl= 
xilose, Ara= arabinose, Hex= N-acetyl-galactosaminidase (hexosaminidase), Pox= 
phenoloxidase, Pro= prolin-arylamidase. 
Electrophoretic karyotyping analysis. We used a total running time of 24 hours at 20 
V, with an initial forward running time of Fwi= 10 sec, final forward time (Fwf=120 sec), 
pause of forward (Pfw=1/10 Fwi), reverse time (Rv=1/3 Fwi), pause of reverse (Prv=1/10 
Rv). The electrokaryotype of L28 and L29 strains separated four bands with approximate sizes 
of 2200 kb (band I), 1640 kb (band II), 800 kb (band III), 700 kb (band IV) (figure 2). 
 
   
 
Efficiency of Monilinia spp. biocontrol by Metschnikowia pulcherrima strains. Two new strains of 
Metschnikowia pulcherrima were isolated from grapes surfaces and their inhibitory action against 
Monilinia spp. was detected after in vitro tests. They exhibit a good inhibitory action against several 
strains of Penicillium spp. and Botrytis cinerea (2, 3)   
The ability of these strains to inhibit the in vivo development of fungal diseases in apricot and peach 
were evaluated during these experiments.    
In order to prevent the infection of apricot and peach with Monilinia spp., three treatments with the 
yeast selected strains were performed. Postharvest treatments with M.pulcherrima L28, L29, and L28 + 
L29 have significantly reduced the number of decayed Dacia apricot fruits even 20 days after 
treatments (fig.3).  
 
a) b)  
 
Fig.3. The effect of yeast treatment on apricot Dacia cultivar at 4oC:  
a) untreated fruits after 7 days; b) treated fruits after 20 days 
 
The highest level of control of Monilinia spp. was achieved with a mixture of L28 + L29 culture of 
M.pulcherrima strains, which inhibited lesion development of Monilinia spp. in apricot from orchard 
Baneasa by about 100%. 
Figure 2 Electrophoretic karyotypes profile for 1 – L29 (SG1); 2 – L28 
(SG2);3 – Pulse Marker S. cerevisiae YPH80  
It was shown that, after 7 days of maintaining of the fruits at 4oC, evident infection 
with Monilinia spp. was observed only in control samples (untreated apricots fruits). The 
application of the yeasts combination allowed the conservation of the fruits, in very good 
conditions, at 4oC, for more than 20 days. This action could be due to the ability of the yeast 
strains used in these experiments to grow at low temperatures (3). Similar results were 
obtained by other authors using different species of Metschnikowia as biocontrol agents 
against apple or grape postharvest diseases (5, 7).   
The results of this study demonstrated that preharvest applications of biological agent 
M. pulcherima significantly controlled postharvest diseases of apricot and peach fruit. Its 
effectiveness could be attributed to the persistence of yeast cells on fruits surfaces under post-
harvest conditions.   
 
CONCLUSIONS 
 
Few conclusions could be formulated after these experiments: 
1. Without two exceptions the Auxacolor2 test confirm preliminary characterization of 
yeasts strains, they belong to Metschnikowia pulcherrima; 
2. The electrokaryotype of L28 and L29 strains separated four bands with approximate 
sizes of 2200 kb (band I), 1640 kb (band II), 800 kb (band III), 700 kb (band IV); 
3. Among fruits from store-house the M.pulcherrima treatment reduced the incidence of 
fruit rot during postharvest storage by 100%; 
4. The population density of the mixture of M.pulcherrima strains used in postharvest 
treatments was about 6 × 106 CFU/ml. 
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